Remission rates for Major Depressive Disorder (MDD) are low and unpredictable for any given antidepressant. No biological or clinical marker has demonstrated sufficient ability to match individuals to efficacious treatment. Biosignatures developed from the systematic exploration of multiple biological markers, which optimize treatment selection for individuals (moderators) and provide early indication of ultimate treatment response (mediators) are needed. The rationale and design of a multi-site, placebocontrolled randomized clinical trial of sertraline examining moderators and mediators of treatment response is described. The target sample is 300 participants with early onset ( 30 years) recurrent MDD. Non-responders to an 8-week trial are switched double blind to either bupropion (for sertraline nonresponders) or sertraline (for placebo non-responders) for an additional 8 weeks. Clinical moderators include anxious depression, early trauma, gender, melancholic and atypical depression, anger attacks, Axis II disorder, hypersomnia/fatigue, and chronicity of depression. Biological moderator and mediators include cerebral cortical thickness, task-based fMRI (reward and emotion conflict), resting connectivity, diffusion tensor imaging (DTI), arterial spin labeling (ASL), electroencephalograpy (EEG), cortical evoked potentials, and behavioral/cognitive tasks evaluated at baseline and week 1, except DTI, assessed only at baseline. The study is designed to standardize assessment of biomarkers across multiple sites as well as institute replicable quality control methods, and to use advanced data analytic methods to integrate these markers. A Differential Depression Treatment Response Index (DTRI) will be developed. The data, including biological samples (DNA, RNA, and plasma collected before and during treatment), will become available in a public scientific repository.
Introduction
Response to antidepressant medication in depressed patients is unpredictable, with a 30% remission rate after 12 weeks of treatment; 30e40% fail to have an adequate response even after several trials of medication or psychotherapy over a year (Fava et al., 2003; Rush et al., 2006; Trivedi et al., 2006) . The search for biomarkers predicting overall or specific medication response is still in its infancy (Krishnan and Nestler, 2008) . It seems unlikely that a single biomarker based on genetic, neuroimaging, electrophysiology, or clinical presentation will successfully guide treatment selection. Instead, biosignatures e curated combinations of markers with combined predictive value e may be needed.
The NIMH funded multi-site clinical trial Establishing Moderators and Biosignatures of Antidepressant Response in Clinical Care (EMBARC) was designed to systematically explore promising clinical and biological markers of antidepressant treatment outcome and lead to personalized treatment. This paper describes the study rationale and design.
EMBARC is designed to examine both moderating and mediating biomarkers. Moderators, pretreatment variables identifying subgroups with differing treatment effect sizes, predict differential treatment response, and may therefore be used to improve treatment selection. Mediators are variables whose change during treatment, in differing amounts dependent on treatment assignment, is associated with eventual treatment outcome. Mediators can inform decisions to stop ineffective treatment early and may provide insight into underlying physiology of treatment response or toxicity (Trivedi, 2013) . The primary aim of EMBARC is to use innovative statistical approaches integrating identified moderators and mediators into a biosignature called the depression treatment response index (DTRI), permitting precision medicine for patients with Major Depressive Disorder (MDD). A secondary aim is to establish standardized procedures for data collection, processing, management, and analyses of multiple complex biological and clinical markers across sites. A healthy control sample provides additional contributions to these aims.
EMBARC is a randomized, placebo-controlled trial of a serotonin selective reuptake inhibitor (SSRI), sertraline, in participants with MDD who are assessed with a comprehensive array of clinical and biological markers of outcome. Participating centers include the University of Texas Southwestern Medical Center (Coordinating Center), Columbia University/Stony Brook (Data Center), Massachusetts General Hospital (MGH), University of Michigan, University of Pittsburgh, and McLean Hospital.
Study design
EMBARC features a two-stage design. Primary outcomes assessed are symptom reduction (measured using the Hamilton Rating Scale for Depression 17-item [HRSD] ) and tolerability (measured with the Frequency, Intensity, and Burden of Side Effects Rating [FIBSER] ). The target sample is 300 depressed outpatients meeting DSM-IV TR (American Psychiatric Association, 2000) criteria for nonpsychotic MDD. To carefully document each phenotype, individual symptoms, age of onset, number of episodes, and chronicity, all associated with treatment response, are captured in the database (Stewart et al., 1989) .
Stage 1 treatment phase
Initially, participants are randomized to an 8Àweek course of sertraline up to 200 mg daily or placebo (See Fig. 1 for study flow). Medication dose adjustments may occur at weeks 1, 2, 3, 4, and 6 to ensure delivery of appropriate, vigorous, and tolerable pharmacotherapy. At week 8, participants are assessed with the Clinical Global Improvement scale (CGI) and participants who receive a score of less than "much improved" are considered nonresponders. These may be participants who complete 8 weeks with unacceptable/intolerable side effects despite dose reduction, as well as those whose symptom severity does not improve (Please see Fig. 1 ).
Stage 2 treatment phase
Stage II collects data exploring moderators and mediators of treatment outcome between pharmacologically distinct active treatment arms: sertraline or bupropion, a non-serotonergic antidepressant. Non-responding patients to Stage 1 are crossed over, under double blinded conditions. Sertraline non-responders receive bupropion, and placebo non-responders receive sertraline. Visit frequency, dose escalation, and treatment monitoring follow the same procedures used in Stage 1. The Stage 2 treatment phase permits identification of biosignatures for both second step treatments, as well as a biosignature of treatment resistance to multiple treatments.
Healthy control sample
An additional aim is establishing test-retest reliability (does a given test produce the same result at each administration assuming no change in the subject) and comparability (does a given test produce the same result across sites if administered to the same subject) of all biomarkers in a healthy control sample. The reliability sample is 40 healthy controls; 10 tested at each of the 4 clinical sites. The comparability analyses use a subset of 12 reliability subjects (3/site), who, after testing at their home sites, traveled to and were tested at one additional site. We have completed data collection for this sample.
Selection of clinical markers
Factors previously reported to have significant even if typically small predictive power for treatment outcome (5e10% of the variance) were chosen as potential clinical moderators: anxious depression, early life trauma, gender, melancholic and atypical depression, anger attacks, Axis II disorders, hypersomnia/fatigue, and chronicity of depression (Kraemer et al., 2001; Nierenberg, 2003; Rush et al., 2008) . For example, STAR*D, the large clinical trial for depression provided clinical information about treatment response during four sequential treatment levels. Comorbid psychiatric and/or medical conditions, greater initial depressive symptom severity, and lower socioeconomic status predicted lower likelihood of remission in response to citalopram Rush et al., 2008) and so are included as potential moderators.
A number of studies have described anxious depression as a predictor of differential response to treatment. The 46% of STAR*D participants with MDD and comorbid anxiety were more likely to suffer increased disease burden and longer illness duration (Fava et al., 2000 (Fava et al., , 2004 . The DSM-V, released May 2013, included a specifier for anxious features, which was added to the EMBARC diagnostic assessment after enrolling approximately 100 patients.
Along with female gender and past or family history of depression, early life trauma is a well-established risk factor for the development of depression. Whether such trauma affects the likelihood of antidepressant response has not been adequately studied. In a post-hoc analysis comparing nefazodone treatment with cognitive behavioral therapy, those with a history of childhood trauma had a better response to psychotherapy, suggesting that it may be a moderator for antidepressant response (Nemeroff et al., 2003) .
It should be noted that some of these factors will not change after onset of treatment, and thus can possibly only be moderators. However, many clinical markers do change over a course of treatment. For example, comorbid anxiety at baseline may be a moderator, while change in anxiety may be a mediator of treatment. One possibility does not preclude or suggest the other, and baseline anxiety and change in anxiety during treatment are two different markers. See Table 1 for the schedule of all clinical assessments.
Selection of imaging markers
EMBARC neuroimaging measures are focused on neural circuits modulated by serotonin and dopamine, putatively targeted by sertraline and bupropion, respectively. EMBARC focuses on: 1) serotonin-modulated emotion processing and implicit emotion regulation circuitry centered on the amygdala and medial prefrontal cortex (mPFC) (Etkin et al., 2011; Hariri et al., 2002; Pezawas et al., 2005; Phillips et al., 2008; Surguladze et al., 2012) ; and 2) dopamine-modulated reward circuitry, centered on ventral striatum (VS) and mPFC (Haber and Knutson, 2010; Schultz, 2007) . Several studies have implicated functional abnormalities in these circuits in MDD (Almeida et al., 2009; Fu et al., 2004; Harvey et al., 2007; Heller et al., 2009; Knutson et al., 2008; Kumar et al., 2008; Robertson et al., 2007; Ruhe et al., 2012; Sheline et al., 2001; Suslow et al., 2010; Victor et al., 2010) .
Baseline neuroimaging measures of function in these circuits may predict treatment response. Specifically, there is an association between the magnitude of pre-treatment metabolism in the mPFC and subsequent response to antidepressant medication (predominantly SSRIs) in individuals with MDD (Pizzagalli, 2011) . Almost no studies have examined the extent to which neuroimaging measures of function in reward circuitry predict response to antidepressant medications; this is a significant goal of EMARC neuroimaging.
MDD is associated with gray matter, white matter, and resting state functional abnormalities in amygdala-mPFC circuitry (Anand et al., 2005; Campbell et al., 2004; Dalby et al., 2010; Jarnum et al., 2011; Koolschijn et al., 2009; Peterson et al., 2009; Sheline et al., 2010) . Neuroimaging modalities targeting these areas have provided evidence that their levels of activity may predict antidepressant response. For example, one study of late-life depression reported that response to sertraline was associated with lower fractional anisotropy (FA), a measure of the density of collinear fibers, in prefrontal cortex white matter . Another study found remitters to escitalopram had lower FA in the left superior-temporal white matter compared with non-remitters, and that lower cortical thickness in several regions, most prominently in the left lateral-orbital cortex, predicted remission (Parsey R, personal communication 09/03/2013). Another study reported increased perfusion in several regions, including right ventral mPFC, in MDD responders versus non-responders to at least two antidepressant medications (Lui et al., 2009; McGrath et al., 2013) .
In EMBARC, we employ two well-validated fMRI paradigms to respectively examine two relevant neural circuits. First, an emotional conflict task that reliably activates serotonin-modulated amygdala-ACC/mPFC circuitry during implicit emotion regulation (Etkin et al., 2006) ; Second, a reward processing task that activates dopamine-modulated striatal and mPFC circuitry during a An additional visit is scheduled at Week 9 only for participant's crossing over to an alternative treatment. b The C-SSRS will be completed only for participants scoring positive on a suicide item of the CHRT. Altman Self-Rating Mania Scale (ASRM); Anger Attacks Questionnaire anticipation and receipt gains or losses (Forbes et al., 2010a (Forbes et al., , 2010b . The first aim is to identify pretreatment moderators of emotion processing and implicit emotion regulation that predict differential response to sertraline versus placebo. We also will examine pretreatment reward circuitry function and structure for moderators of differential response to bupropion versus sertraline in Stage 2. The second aim is to identify changes in the above measures of function in these two key neural circuits measured pre-treatment and after one week of treatment that mediate differential response to sertraline and placebo in Stage 1, and to bupropion and sertraline in Stage 2. We will also attempt to identify patterns of activity in non-responders to sertraline in Stage 1 that moderate differential response to bupropion versus sertraline in Stage 2. We will also examine the extent to which measures of resting state functional connectivity, resting perfusion, gray and white matter volumes and cortical thickness at baseline act as moderators and changes in the functional act as mediators of differential treatment response throughout the study. Non-responders to both Stage 1 and 2 will provide a biosignature of treatment resistance.
Selection of electrophysiology markers
Pre-treatment EEG measures in alpha and theta bands have been repeatedly associated with antidepressant response (Bruder et al., 2013) . Specifically, higher posterior alpha power differentiates patients who respond to antidepressants from those who do not Tenke et al., 2011; Ulrich et al., 1986) . Furthermore, compelling evidence highlights a significant association between higher pre-treatment resting theta EEG activity in the rostral ACC and antidepressant response (including to SSRIs) (Korb et al., 2009; Mulert et al., 2007; Pizzagalli et al., 2001; Rentzsch et al., 2014) . A recent meta-analysis found that the correlation between pre-treatment rostral ACC activity and antidepressant response has been replicated 19 times (Pizzagalli, 2011) . Moreover, prior studies have shown that patients with higher pretreatment loudness-dependence of auditory evoked potentials (LDAEP), assumed to reflect blunted serotonergic activity, responded well to SSRI, while responders to the selective noradrenergic reuptake inhibitor, reboxetine, had low pretreatment LDAEP (Mulert et al., 2007) . Similarly, response to citalopram was associated with strong LDAEP (Linka et al., 2004) , while response to reboxetine was associated with weak LDAEP (Linka et al., 2005) . Thus, EMBARC will test whether pre-treatment resting EEG alpha or theta measures and LDAEP moderate response to an SSRI.
Selection of behavioral and cognitive tasks

Reaction times
Interference and post-error adjustments are measured during performance of the implicit emotion processing and regulation and reward processing neuroimaging tasks as key behavioral measures associated with ACC and ventral striatal-centered neural circuitry that, in turn, have potential to be useful pre-treatment signatures moderating treatment response. Other moderators include measures of psychomotor slowing, cognitive control and working memory (Gorlyn et al., 2008; Julian and Mohr, 2006; Taylor et al., 2006) , and reward responsiveness .
Psychomotor slowing
Psychomotor slowing is a specific predictor of SSRI treatment non-response (Caligiuri et al., 2003; Flament et al., 1999; Kalayam and Alexopoulos, 1999; Taylor et al., 2006) . Using a brief word fluency task (the Controlled Oral Word Association Test), Taylor et al. (2006) reported that psychomotor slowing was the strongest predictor of fluoxetine non-response 12 weeks later. Interestingly, low pre-treatment psychomotor speed predicted better response to an 8-week treatment with bupropion-sustained release in MDD outpatients (Herrera-Guzman et al., 2008) . These findings suggest pre-treatment psychomotor slowing might moderate response.
Cognitive control
Studies from Pizzagalli's laboratory have found abnormal reactions to errors in dysphoric subjects (Pizzagalli et al., 2006) , unmedicated subjects with MDD , and psychiatrically healthy individuals genetically at increased depression risk (Holmes et al., 2010) . In each group, abnormal error reaction was associated with dysfunctional activity in the rACC. Importantly, among controls, resting rACC activity predicted posterror behavioral adjustments during a flanker task (Pizzagalli et al., 2006) . Based on these findings, EMBARC tests whether post-error behavioral adjustments in the flanker task might moderate response to treatment.
Working memory
Global deficits on neuropsychological tests have been found to predict poor response to SSRIs, with deficits in working memory being most predictive (Gorlyn et al., 2008) . Moreover, performance on working memory tasks that require manipulation of information improved following SSRI treatment (Herrera-Guzman et al., 2009 ). Thus, EMBARC examines whether performance on the A NOT B working memory task may moderate treatment response.
Reward learning
In EMBARC, we are investigating a core behavioral component of anhedonia e reward learning e assessed objectively using a probabilistic reward task. Critically, performance on this task has been found to 1) be modulated by dopaminergic compounds and 2) correlate with activation in rewardrelated striatal regions . Based on these findings, EMBARC will examine reward learning as a possible moderator of treatment response.
Selection of genetic and other blood based markers
An integrated approach to developing biosignatures for therapeutic targets in the rapidly developing field of neuropsychopharmacology requires use of the latest methods and a highly specialized understanding (Emmett et al., 2014) . Therefore, biospecimens from EMBARC will be collected and made available for the scientific community (Uher et al., 2009) . DNA, mRNA, and plasma are collected in all participants at baseline, and weeks 1, 8, 9 (for nonresponders), and 16. Immortalized cell lines are also raised from leukocyte samples collected at baseline. The biospecimens have been placed in the National Institute for Mental Health (NIMH) repository at Rutgers University (http://nimhgenetics.org) and will be usable for integrated biological approaches such as proteomics, metabolomics, etc. Table 2 lists the planned EMBARC moderators and mediators.
Study aims: development of a differential treatment response index (DTRI)
EMBARC includes multiple biomarkers with the aim of developing a biosignature called the DTRI, similar in concept to the Framingham Risk score for cardiac risk. The DTRI is intended to permit personalization of treatment by incorporating multiple moderators e maximizing both symptom reduction and treatment tolerability. Sub-aims in constructing the DTRI include the identification of individual clinical, neuroimaging, electrophysiological and behavioral markers that moderated differential outcome (sertraline vs. placebo) considering both tolerability and response. Similarly, mediator variables in each of these areas (see Table 2 ) will be analyzed for differential predicative ability. The concept of DTRI will also be extended to the phase II outcomes and compare the second stage treatments in those who failed to respond in phase I.
Additionally, EMBARC will examine more traditional study aims, using remission on the HDRS (exit score 7) to compare the effectiveness of sertraline vs. placebo and sertraline vs. bupropion. EMBARC also aims to extend clinical trials methodology through the development of a scale measuring treatment acceptability and examining the role that this concept plays in outcome. Finally, the methodology used to develop the DTRI is intended to advance statistical analysis of biosignature trials (see below) through comparison of existing methods and development of new methods of predicting outcome.
Study participants
This trial is conducted according to the FDA guidelines and the Declaration of Helsinki and approved by Institutional Review Board at each clinical site. Signed informed consent and agreement to all procedures is obtained from all participants at study entry. Outpatients age 18e65 with MDD, diagnosed by the use of the Structured Clinical Interview for DSM-IV Axis I Disorders (SCID) are recruited at four university sites. Table 1 describes assessments and their timing. Subjects must meet SCID criterion for an MDD episode and have a Quick Inventory of Depressive Symptomatology score (QIDS-SR) of !14 at both screening and randomization visits. To reduce heterogeneity, only patients with early onset (before age 30), chronicity (episode duration > 2 years) or recurrent MDD (two or more recurrences including current episode) are enrolled. Early onset has been associated with increased familial loading (Levinson et al., 2007; Weissman et al., 1984) .
In addition, all patients must have not failed to respond to any prior trial of an antidepressant in the current episode at an adequate dose and duration, as defined by the MGH Antidepressant Treatment Response Questionnaire (MGH-ATRQ) (Chandler et al., 2010) . Additional exclusion criteria include: 1) current pregnancy, fertile but not using contraception, or breastfeeding, 2) lifetime history of psychosis or bipolar disorder, 3) meeting DSM-IV criteria for substance dependence in the past 6 months or substance abuse in the past 2 months, 4) unstable psychiatric or general medical conditions that may require hospitalization or contraindicate study medication, 5) clinically significant laboratory abnormalities, 6) history of epilepsy or condition requiring an anticonvulsant, 7) treatment with ECT, VNS, rTMS or other somatic treatments in the current episode, 8) protocol excluded medications (including but not limited to antipsychotics, and mood stabilizers), 9) current depression-specific psychotherapy, and 10) considered by study investigator to be a significant suicide risk.
Study drug dosing
In EMBARC, study drug is titrated using a standardized protocol accounting for tolerability. All medication is administered as a single daily dose of matched capsules in a double dummy design. The target dose is the maximum dose (450 mgs for bupropion XL and 200 mgs for sertraline) in participants who tolerate the medication but have not responded, or the highest tolerable dose. Participants who do not meet response criteria during Stage 1 treatment will be crossed over, double-masked, from placebo to sertraline or from sertraline to bupropion XL for eight weeks, with all ratings collected at the equivalent time points during phase II as in phase I. Participants unable to tolerate Stage 1 treatment may exit the study. 
Concomitant medications
Any treatment for any general medical condition is allowed. Study clinicians are trained to recognize non-protocol medications (e.g., Type 1C antiarrhythmics, beta blockers, etc.) for which serum levels or dose adjustments may be needed. Medications to treat antidepressant medication side effects (i.e., anxiety/agitation, insomnia, and sexual dysfunction) are allowed. All concomitant medications are recorded at each study visit.
Data management
All clinical data, biosignatures assessments, and biospecimen data are stored in the StudyTRAX electronic data management system customized for this study. StudyTRAX is a Clinical Trials Management Software sold by Science TRAX, LLC. StudyTRAX uses a Microsoft SQL server backend database with an internet browser based interface. It is HIPAA compliant with transmission security, 21 CFR Part 11 compliance, audit trails, electronic signatures, user authentication, study, site, and role-based security and can create de-identified datasets. The system supports electronic data capture allowing data to be entered directly into the browser with no intermediate recording.
Analytic strategy
EMBARC is designed to discover patient characteristics that can guide treatment for individual patients. In contrast to traditional scientific practice, where hypotheses are formulated before examination of the data or even before the conduct of a study, discovery studies identify previously unknown relationships through rigorous and systematic exploration of data, employing the most appropriate statistical methods. Formally, a treatment regime is a rule that assigns a treatment from among a set of possible treatments, to a patient based on her/his characteristics. Estimating the optimal individual treatment regime using data from a clinical trial or an observational study is currently the subject of active research (Gunter et al., 2011; Henderson et al., 2010; Murphy, 2003; Robins et al., 2008; Wallace et al., 2013; Zhao et al., 2012) . We plan to employ several different existing techniques and to develop new statistical methods for EMBARC. Here we outline some strategies that will be employed.
A number of measures of treatment outcome will be considered including: 1) response at exit (HRSD score reduction of 50% or greater), a binary measure likely (on theoretical grounds) to yield minimal power and precision; 2) time to remission (for which survival methods could be used), likely to yield slightly greater power and precision; 3) repeated HRSD scores, likely to give greatest power and precision. Very little is known about whether using such varying outcome measures will yield concordant results, and how much power or precision is sacrificed in using a less sensitive outcome measure. Investigating these factors is a significant goal of EMBARC.
In order to validate the DTRI, the sample will be divided into two: 1) a randomly selected two-thirds for model development, and 2) the remaining one-third for testing the final model. Crossvalidation will be used throughout the model development stage.
Moderators of treatment effect
The initial development of a DTRI will focus on moderators rather than mediators because if there are strong moderators, relevant mediators may differ in the subgroups defined by the moderators. The primary approach to identifying moderators and combining them into a DTRI consists of three phases. In the first phase, we will examine and rank pre-specified baseline characteristics as potential moderators of treatment response. The goal of the second phase is to discover new moderators. Finally, the goal of the third phase is to identify combinations of moderators that are superior to the individual moderators identified in phases 1 and 2.
14.1. Examine and rank pre-specified moderators of treatment response Classically, individual baseline characteristics are assessed as potential treatment moderators using a linear model to predict treatment outcome as a function of site, treatment, treatment by site interaction, the baseline patient characteristic of interest (M), and the interactions of M with the other factors. Inclusion of sideeffects are necessitated by the multi-site design, and within this framework it is possible to test the homogeneity of effect sizes over sites. If site-heterogeneity in effect sizes is identified, an effort will be made to locate the source of such heterogeneity. The treatment by M and the treatment by M by site interactions are also relevant to moderators. If there is no three-way interaction, the common moderator effect size can be estimated in terms of the treatment by M interaction; otherwise, this interaction describes the average moderator effect size over sites.
We will consider 1) logistic regression models for binary outcomes such as response at exit, 2) Cox Proportional Hazards models for survival outcomes such as time to remission, and 3) hierarchical linear models for continuous longitudinal outcomes such as HRSD ratings. Within the linear model framework, moderators may be ranked based on measured effect size as proposed by Kraemer (Kraemer, 2013) . Briefly, a moderator effect size is computed by taking all possible pairs of participants, one from each treatment arm, and computing the product moment correlation between the outcome difference between the two participants and the average of the standardized moderator for each pair. This correlation coefficient is the population parameter tested by the treatment X moderator interaction, and its magnitude relates to the strength of moderation of M on treatment outcome (Kraemer, 2013) . This effect size measure is a number between À1 and þ1 with a value of zero when there is no moderator effect and can be used to rank order the proposed moderators for each treatment outcome.
The relationship between a baseline characteristic and treatment outcome may not be linear, and other assumptions of the linear model might not be satisfied. To address this, the definition of a treatment effect moderator can be generalized to the case where smooth functions representing the relationships in the two treatment groups are not parallel and when normality assumptions are not satisfied. We are currently extending the parametric linear model methodology to evaluate moderators of treatment and developing methods for quantifying differences between treatment curves, which would permit ranking moderators even when parametric assumptions are not satisfied.
Identify new moderators of treatment response
The above approaches are used for individual characteristics that are scalar, but many patient characteristics are complex data objects such as images or time series. For example, EEG recordings result in a time series for each electrode, which is a 1-dimensional data object, while fMRI data are technically 4-dimensional (3-dimensions plus time) objects, they will be reduced to 3-dimensions for the purpose of moderator identification. Based on previous findings, participants' biological characteristics (which are 2-, or 3-dimensional data objects, e.g. images) can be reduced to scalar aggregates. These aggregates typically are the average value of the characteristic over the entire image or the average over a specific region of interest (ROI). However, in this phase of the analysis we attempt to identify new moderators of treatment effect by using the entire image as a predictor. While machine learningtype algorithms are powerful predictive engines (Marquand et al., 2008; Mitchell et al., 2004; Mourao-Miranda et al., 2005; Sato et al., 2009) , casting the problem in terms of a statistical model permits formulation of hypotheses about moderation of treatment effect and allows use of well-developed principles for calculating confidence intervals/confidence bands, hypothesis testing, etc. Further, the results of such an analysis tend to be more interpretable, as they respect the functional structure of the data (in this case intrinsic brain architecture), while the data structure is ignored in the former approach. Progress has been made (James et al., 2009; Reiss and Ogden, 2010) and efforts to develop efficient methods for facilitating analysis during this phase continue.
14.3. Combining measures to obtain a "best" moderator of treatment effect
The ranking individual moderators may shed light on underlying contributors to the magnitude of treatment effect for a given patient and contribute to hypotheses regarding the antidepressant mechanisms of action. However, based on past experience, no one moderator is likely to be strong enough to affect clinical decision making by itself; one might have to combine several factors to accomplish this. Thus several established and new approaches to combining measures to obtain a (non-unique) "best" moderator will be considered. One approach developed by Wallace et al. (2013) involves a multiple regression model (Wallace et al., 2013) . The dependent variable is the treatment outcome difference for all possible pairs of subjects across treatment arms and there is an independent variable of the moderator averages for these pairs for each possible moderator. The model coefficients are used to compute a moderator score for each participant. This approach has been used successfully in an exploratory study (Wallace et al., 2012) comparing drug (SSRI) to psychotherapy for patients with MDD. Multiple measures (largely non-biological) were examined as possible moderators of treatment outcome and eight e some individually weak e were identified and combined into a strong moderator.
EMBARC will also investigate the suitability of some wellestablished statistical modeling approaches, such as tree-based methods and penalization methods, for constructing a DTRI. In the first approach, a recursive partitioning algorithm will use prespecified potential moderators to classify subjects by treatment outcome (e.g., remission at exit). The resulting decision tree will be translated into a nominal variable, which will in turn be used as the only predictor of treatment outcome in a logistic regression model. Here, the DTRI for a future subject is the probability of a positive treatment outcome determined by the model.
In the second approach, a logistic regression model of treatment outcome will be constructed for each treatment group using the pre-specified potential moderators. Methods such as ridge regression, the lasso, and the elastic net will be used to develop the model using techniques such as principal components analysis to reduce the number of independent variables. A future subject will be assigned the treatment with the highest predicted probability of a positive outcome.
Mediators of treatment effect
An analytic strategy similar to the one described above for discovering moderators of treatment effect will be employed for the discovery of mediators of treatment effect. However, instead of examining baseline patient characteristics, changes in characteristics from baseline to the second assessment occurring at 1 week post-treatment will be the focus. The first step in mediator analysis will be to examine which of the proposed mediators are correlated with treatment choice. For this first step, the effect size here is simply the treatment effect on the proposed mediator. The stronger the effect of treatment on the proposed mediator, the greater is the potential mediator effect size. Thus, many proposed mediators will be eliminated from consideration simply because they are not differentially affected by choice of treatment. Thereafter, the parametric analytic model is exactly the same as that for moderation. However, while the criterion to establish moderation requires a significant interaction of treatment by M, either a main effect of M or an interaction effect is sufficient to establish mediation.
Resource sharing plan
The EMBARC biomarker data and biomaterials constitute a national scientific resource and will be made available to the research community six months after the final study visit. Well-documented de-identified dataset(s), will include all data obtained in the course of the study and will be publically available. These datasets will comport with National Institute for Mental Health (NIMH) guidelines for organization, documentation, and preservation of participant privacy. The clinical datasets will reside with the biomarker datasets through existing databases (e.g. http://ndg.sfn.org/ eavXSearch.aspx?db¼10&cl¼81). Biospecimens will be available through the NIMH Human Genetics Initiative at Rutgers University. The repository is responsible for distributing data, as directed by EMBARC principle investigators, to other qualified investigators. All data will de-identified and consent forms reflect these procedures and allow for repository use (see http://embarc.utsouthwestern. edu).
Baseline characteristics
Recruitment for EMBARC began in August 2011, and completed in December 2015. A total of 677 participants were screened, and 309 were randomized in the clinical trial (including 10 who were enrolled in the feasibility trial). In addition, 40 healthy controls participated. Among participants with MDD who were randomized, 57% were female, the majority (65%) were Caucasian, and mean age was 37.3 years (±13.2). Depression severity ranged from moderate to severe based on the HAM-D and QIDS-SR. Tables 3 and 4 provide the baseline demographic and clinical characteristics of the sample. Completion rate for imaging, EEG assessments, and behavioral phenotyping was remarkably high at baseline and week 1 (Table 5) .
Discussion
The problems of developing personalized medicine relate not only to the specific situation addressed in EMBARC, but also to treatments for all mental and even physical disorders. Consequently, what is learned in EMBARC may provide guidance for many future studies. Defining the population of interest is crucial, since the results of a study apply directly only to that population. The population, to the extent possible, should be heterogeneous in terms of treatment effectiveness, including all those for whom the choice between particular treatments is relevant for clinicians, excluding those unwilling to participate or for whom participation imposes a risk. The sample must be large enough to yield reasonably precise estimates effect sizes, as well as sufficient information to design powerful yet cost-effective studies testing the moderators/mediators detected. Sharing data, once the study is done, facilitates such subsequent testing, and it is likely that EMBARC, and studies like EMBARC, may generate multiple important hypotheses related to treatment of the indication in their target populations.
The selection of markers, whether biological, clinical, or sociodemographic, should, as in EMBARC, be based on previous studies that showed that those factors were predictors of outcome across groups. Generally, there are an infinite number of possible factors that might be considered, but it would be pointless to include those irrelevant to treatment outcome (not predictors). Most of the remaining are likely to be non-specific predictors, but not moderators, and very likely to be more closely related to the various artifactual influences on treatment response than to specific treatment effects. However, true moderators can only be distinguished by exploration, as is done in EMBARC. Of the actual moderators, some will be quantitative, i.e., they identify subgroups with smaller or larger treatment effects, all with the same preferred treatment. Finally, a small number will be qualitative moderators, i.e., they will identify for which patients one treatment is preferred. These are what are most important to personalized medicine. Then subsequently, mediators can be sought within each of these subgroups defined by the moderators to try to improve response to whichever is the preferred treatment.
There has been limited effort so far in detecting and documenting moderators and mediators (Agras et al., 2000; Arnold et al., 2009; Dusseldorp & Mechelen, 2014; Frank et al., 2011; Garcia et al., 2010; Owens et al., 2003; Walkup et al., 2003; The MTA Cooperative Group, 1999; Wallace et al., 2012) , and even less on developing and comparing different methods for doing so. For this reasons, EMBARC has a dual purpose, first, seeking specific moderators in the context MDD, but also developing insights and methods as to how best such studies in general can and should be done.
Future plans
There are other large studies underway or recently completed which provide opportunities for collaborative analysis. For example, the International Study to Predict Optimized Treatment in Depression (iSPOT-D) includes 2016 depressed, non-psychotic outpatients recruited in 2 waves, aims to identify treatmentpredictive biomarkers in the first wave and test for replication with the second wave (Williams et al., 2011) . Potential areas of overlap between iSPOT-D and EMBARC include clinical assessments, some of the behavioral tests, resting EEG, genetics, and certain structural and functional MRI measures. In addition, EMBARC and iSPOT-D share sertraline as a study medication. The Predictors of Remission in Depression and Individual and Combined Treatment (PReDICT) study randomizes about 400 treatment naïve depressed patients for 12 weeks of either cognitive behavior therapy (CBT), duloxetine, or escitalopram, and including fMRI, immune markers, DNA, and gene expression analysis, and dexamethasone-corticotrophin-releasing hormone (Dex/CHR) testing (Dunlop et al., 2012) . However, only EMBARC includes a placebo arm for comparison.
Together with other studies currently in process (Tansey et al., 2012; Uher et al., 2010) , we may improve the chances of selecting the most efficacious treatment for an individual patient early in treatment.
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